Abstract -According to the species recognition concept of Paterson, the analyses of the secretions of the cephalic parts of the male labial glands confirm the conspecificity of Bombus (Thoracobombus) ruderarius ruderarius and B. (T.) r. montanus populations from the Pyrenees. These secretions were compared in B. ruderarius and B. sylvarum. We identified the same 7 major compounds as previously known for these species. We also identified 69 minor compounds. These minor compounds emphasise the close relationship between both species. Principal Component Analyses (PCA) were carried out on standardised peak areas of GC-MS chromatograms. The first PCA component is discriminant and shows no overlap between both species. Their secretions differ mostly by the relative concentration of their compounds rather than by their qualitative composition. On the contrary, PCA is unable to separate montanus from ruderarius. The larger variance in the secretions of B. ruderarius results from the very low concentration of the main compound (9-hexadecenol) in some specimens.
INTRODUCTION
Male bumblebees scent-mark various substrates with their sexual pheromones in order to attract conspecific unmated queens (Bergman, 1997) . These pheromones are produced by the cephalic part of their labial glands (Ågren et al., 1979; Kindl et al., 1999) . They can be longchain (C12-C20) aliphatic alcohols, aldehydes, and methyl or ethyl esters of fatty acids, and/or acyclic mono-, sesqui and diterpenic alcohols or aldehydes. Aliphatic compounds usually contain one to three double bounds. The position of the double bounds could be crucial in molecular recognition, as it is the case for moths (Hansson, 1997) .
These pheromones are known to be species specific (Bergström et al., 1981) and, according to the species recognition concept of Paterson (1985) , they appear to be the most efficient tool to define species of bumblebees. Nevertheless, this concept needs to be validated by the study of the intra-and interspecific variations of those pheromones. Individual variability does exist, especially with age of specimens (Ågren et al., 1979) . Moreover, colour patterns of bumblebee subspecies are often very different (Delmas, 1976) . This raises the question: does this variability of colour patterns between subspecies correspond to variability of their pheromones? As it is very unlikely to catch wild unmated females, it is hardly possible to run bioassays on these pheromones. Therefore, a first approach of the question is the study of the variability of the male cephalic labial gland secretions.
The composition of male cephalic labial gland secretions could also give us new traits to describe the subgenera. For instance, ethyl dodecanoate is present in all the studied species of the subgenus Bombus sensu stricto, and occurs only in those species. As it has already been shown about Dufour's gland secretions (Ayasse et al., 2001 ) that provide cuticular pheromones (Oldham et al., 1994) , secretions of the cephalic labial glands could also be used in phylogenetic studies based on the modern concept of global evidence approach (Terzo et al., 2003) . This approach has already been applied to moths (Löfsted, 1995) .
The aim of this paper is to compare the interspecific variability of male cephalic labial gland secretions between the closely related species Bombus (Thoracobombus) ruderarius (Müller) and B. (T.) sylvarum (L.) with the intraspecific variability of these secretions between the subspecies B. ruderarius ruderarius and B. ruderarius montanus.
The specific or subspecific status of both subspecies is still debated. The montanus population is the only one that is present in the Cantabria Mounts but it is mixed with ruderarius individuals everywhere in the Pyrenees (Fig. 1) . The colour patterns of both taxa are very different: ruderarius is variable but always very dark (photo 1) 1 while montanus always has large grey bands (photo 2) 1 such as those of B. pyrenaeus pyrenaeus and B. sylvarum sylvarum (photo 3) 1 . Sichel (1865) was the first to consider B. montanus as a valid species. Nevertheless, his opinion is not accepted by authors such as Kruseman (1958) though they notice that specimens of intermediate colour pattern are lacking. In the same way, Delmas (1976) and Rasmont (1983) Alford (1975) , Ornosa Gallego (1984) , Rasmont (1988) , Peeters et al. (1999) and numerous original data (main contributors: P. Rasmont, R. Delmas, W. Reinig, I.H.H. Yarrow).
Variability of bumblebee labial glands secretions 87 variability is motivated by the close phylogenetic relationship between the species (Tkalcù, 1963 (Tkalcù, , 1965 . They belong to a monophyletic group of species including B. inexspectatus (Tkalcù) , B. mlokosievitzi Radoszkowski and B. veteranus (Fabricius) . Among these five species, B. sylvarum is the only one present in the Pyrenees alongside ruderarius and montanus. The major compounds of the male labial gland secretions of B. ruderarius and B. sylvarum from Öland (Sweden) have been recognised by Bergström et al. (1985) . The secretions of B. ruderarius contains six major compounds: Z-9-hexadecenol (67%); Z-9-octadecenol (9%); tricosane (3%), tricosenes (13%), pentacosane (1%); pentacosenes (7%). B. sylvarum produces 7 majors compounds: Z-7-hexadecenyl acetate (65%); Z-7-hexadecenol (26%); octadecenol (2%); tricosane (2%), tricosenes (1%), pentacosane (2%); pentacosenes (2%).
The minor compounds, defined as compounds with chromatogram peak areas smaller than 1% of total peak area, have not been given for either species, as is usual for species studied before 1996.
MATERIALS AND METHODS

Insects
Twenty one males of B. ruderarius (rud), nine males of B. montanus (mon) and eight males of B. sylvarum (syl) were collected during summer 2001 in the West-Pyrenees In the field, males were kept alive individually in ventilated plastic vials. They were killed by freezing prior to dissection. Both cephalic parts of the labial gland of each specimen were dissected out after removing the eyes and placed together in a glass vial for extraction in 200 µL of dichloromethane. The vials were stored for 24 h at room temperature and than stored at -20°C until chemically analysed. Individual bumblebees and vials were labelled with a unique code and stored at the University of MonsHainaut. A part of some extracts is also stored at the Academy of Sciences of the Czech Republic.
The distribution map is drawn with Carto FaunaFlora 2.0 (Barbier & Rasmont, 2000) .
Chemical analyses
Chemical identifications were performed by GC/ MS. The mass spectrometers used were type "ion trap" Finnigan GCQ (UMH) and type "quadrupole" Fisons MD800 (IOCB). In both institutions, the capillary column specifications were the following: DB5ms unpolar column (5%-phenyl-methylpolysiloxane stationary phase; 30 m column length; 0.25 mm inner diameter; 0.25 µm film thickness). The temperature of the injector was 220°C. The initial temperature of the column was held 2 min at 70°C, then programmed to 320°C at 10°C/min and held 30 min at 320°C. The carrier gas used was helium at a constant linear velocity of 50 cm/s (UMH) or at a mean flow rate estimated at 0.7 mL/min (IOCB). The injection mode was "splitless". Mass spectra were obtained in electron impact mode "full scan (30-600)". One µL of the extract was injected in the GC pro analysis. The double bound positions were determined from mass spectra of dimethyl disulphide (DMDS) adducts of the unsaturated compounds (Francis, 1981) .
Statistical analyses
The proportions of the major compounds within the subspecies of B. ruderarius were inferred from their relative abundance (%) of original GC output (peak areas). A Mann-Withney U test was preferred to Student t test because the data were not normally distributed (Siegel, 1956 ).
Original GC output (peak areas) of all compounds listed in Table I For both analyses, a log transformation (log 10 (y ij +1)) was carried out on the variables in order to reduce the effect of the great difference in concentration between the main compounds and the traces. Than a normalisation (subtract the mean and divide by standard deviation) was carried out on taxa in order to reduced the effect of sample concentration that could be due to solvent evaporation, quality of the dissection of the gland, or even animal size or gland activity.
Escoufier's method of equivalent vectors (Escoufier, 1970) was used in order to reduce the number of variables to less than the number of taxa as required for principal component analysis (PCA). It aims to select a subset of the variables for which principal components are as closed as possible to those of the complete data set.
The PCA was used in order to reveal the main relationships between components of male cephalic labial gland extraction and to represent the location of the three species and subspecies in regard to the main sources of variation between individuals. It was carried out on the subset of variables selected through the Escoufier's method. The PCA was based on the correlation matrix.
All these analyses are now standard multivariate statistical approaches (see, e.g., Sneath & Sokal, 1973) . They were performed with NTSYSpc 2.02g (Rohlf, 1986 (Rohlf, -1998 , R 1.8.1 (R Development Core Team, 2003) including Pastecs library, and XLStatpro 6.0 (Addinsoft, 2003) . butyrate, 11-octadecenyl acetate, geranylgeranial, octadecadienyl acetate, and 15-docosenyl acetate.
RESULTS
Chemical analyses
Only three compounds that are present in the secretions of ruderarius have not been found in those of montanus: tetradecenol (mean = 0.002%, present in 3 specimens of ruderarius), hexadecadienol (mean = 0.001%, present in 1 specimen of ruderarius), icosene (isomer 2) (mean = 0.010%, present in 5 specimens of ruderarius).
All the major compounds of ruderarius and montanus, defined as those with a chromatogram peak area greater than 1% of total peak area, are identical and their proportions are not statistically different (*, Mann-Withney U test) excepted for 11-octadecenol. The values of the Mann-Withney U test are the followings (by order of their retention time): 9-hexadecenol (U = 85, P-value = 0.56), 11-octadecenol* (U = 148, P-value = 0.03), 9-henicosene (U = 101, P-value = 0.95), 9-tricosene (+ 7-tricosene) (U = 117, P-value = 0.45), tricosane (U = 108, P-value = 0.21), 9-pentacosene (U = 105, Pvalue = 0.81), 7-pentacosene (U = 88, P-value = 0.63). The significant difference of the 11-octadecenol proportions may be due to the great difference in the number of samples between both taxa (22 specimens of ruderarius, 9 specimens of montanus). The global composition of the six major compounds of B. sylvarum is different (in bold in Tab. I).
For the three taxa, the majority of compounds are present in traces (median < 1%): 57 to 64 compounds in B. r. ruderarius (89%), 54 to 61 in B. r. montanus (88.5%) and 45 to 50 in sylvarum (90%).
Twenty six compounds are mentioned for the first time among bumblebees. Ten are present in both species: hexadecenal, hexadecenoic acid (2 isomers), hexadecanoic acid, 11-octadecenoic acid, 9-and 7-docosene, docosane, tricosadiene (isomer 1), and hexadecenyl hexadecenoate. Eleven compounds are only present in ruderarius and/or montanus: tetradecenol, heptadecene, heptadecane, icosenes (2 isomers), icosane, octadecanoic acid, tricosadiene (isomer 2), 5-heptacosene, hexadecenyl hexadecanoate, and hexadecenyl octadecenoate. Four compounds are only present in sylvarum: hexadecadienyl acetate, hexadecenyl butyrate, 11-octadecenyl acetate, and geranylgeranial.
Extraction of the data subsets by the Escoufier's method
The first analysis was carried out on all specimens (specimens of B. sylvarum included). Escoufier's method reveals that main variance is due to only ten compounds that are associated with almost 97% of the variance of the complete data set. These ten compounds should not be considered as the most biologically pertinent but just as typical of groups of highly correlated compounds. The ten groups are the followings (compounds are referenced by their retention time in min., the first one, in bold, is the typical compound used as variable in the following PCA): group 1 22.17; group 2 20.03, 20.95; group 3 16.15, 15.88, 16.67, 17.33, 17.92, 18.18, 18.98, 19.23 The second analysis was carried out on specimens of B. r. ruderarius and B. r. montanus only (specimens of B. sylvarum excluded). Escoufier's method reveals that main variance is due to only fifteen compounds that are associated with almost 95.5% of the variance of the complete data set. As explained above, these fifteen compounds correspond to fifteen groups of highly correlated compounds. The groups are the followings (compounds are referenced by their retention time in min., the first one, in bold, is the typical compound used as variable in the following PCA 
Statistical analysis of the interspecific variability
The PCA, carried out on all the specimens of the three taxa and on the ten representative compounds identified here above, separates B. ruderarius and B. sylvarum very well. There is no overlap, not even partial, between the two species. On the contrary, it does not separate B. r. ruderarius from B. r. montanus. The variance associated with the components 1-9 is: 60.5%, 13.7%, 10.1%, 5.5%, 4.2%, Variability of bumblebee labial glands secretions 91 3.3%, 1.7%, 0.5%, 0.3%. As the variance associated with the other components decreases rapidly, only the first three components will be discussed here.
Component 1 is mainly determined by the major compounds of both species (Figs. 3-4 , Tab. II) and by compounds that are present in one species only. They can be considered as the most specific characters of both species. Despite the normalisation and log transformation of the data, component 2 displays a continuum from low to highly concentrated samples. As for component 1, a specific compound of B. ruderarius but which is present only in some specimens (hexadecenyl hexadecanoate), also mainly determines component 3.
Statistical analysis of the intraspecific variability of B. ruderaruis
The PCA, carried out on the specimens of B. r. ruderarius and B. r. montanus only and on the fifteen typical compounds identified here above, does not separate the two taxa, whatever the component. The variance associated with components 1 to 14 is: 38.4%, 19.1%, Component 1, associated with the main variance, is homologous to component 2 of the first PCA and displays a continuum from low to highly concentrated samples. Component 2 of this second PCA expresses the main intraspecific variability. The major compound in the secretion of B. ruderarius (9-hexadecenol, Tab. III) mainly determines this component 2. The relative amount of that compound is highly variable between samples (not illustrated). It is the most abundant one for the great majority of the specimens studied (Fig. 4) . Yet, it disappears almost totally in some others (Fig. 5) . This is partially shown by component 3 of first PCA (Fig. 2) .
DISCUSSION
The analyses of the labial gland secretions of B. ruderarius and B. sylvarum from the Pyrenees reveal 64 compounds in B. ruderarius and 50 in B. sylvarum while only seven major compounds have been described in Scandinavian males of both species (Bergström et al., 1985) . Nevertheless, our results on major compounds fit with those of Bergström et al. (1985) in spite of the different origins of the samples. Nowadays, it is not possible to conclude whether the difference in the relative concentration observed when comparing both works is due to the development of analytical techniques rather than to a geographic variability. The same applies to identification of 11-octadecenol by our analyses instead of 9-octadecenol mentioned by Bergström et al. (1985) .
B. ruderarius and B. sylvarum share only six of their major compounds: tricosenes, tricosane, pentacosenes, pentacosane. All these compounds are common in most secretions of bumblebee species described up to now (Terzo et al., 2003) . Therefore, they are uninformative about the phylogenetic relations between B. ruderarius and B. sylvarum.
On the contrary, both species share 32 minor compounds, including 10 compounds mentioned for the first time for bumblebees. Such a similarity has never been observed on this basis (Terzo et al., 2003) and it may confirm the close phylogenetic relationship between the species.
Geranylgeranial is the only terpenic compound (compounds synthesised by the metabolic pathway of mevalogenines) found by us. All the other compounds are synthesised by the fatty acids metabolic pathway. Geranylgeranial is only present in B. sylvarum, at a very low concentration (mean = 0.006%), and in 3 of 9 specimens only. While terpenic compounds are common in bumblebee male sexual pheromones (Terzo et al., 2003) , they have never been mentioned for the two other studied species of the subgenus Thoracobombus: B. pascuorum (Kullenberg et al., 1970) and B. muscorum (Descoins et al., 1984) . This lack of terpenic compounds in Thoracobombus argues against Bergman's (1997) hypothesis. According to the latter, sister species mainly differ in their major compounds by the absence of terpenic compounds in one of the two species, due to the lack of the synthetic metabolic pathway to mevalogenines.
B. r. ruderarius and B. r. montanus cannot be distinguished on the basis of their labial gland secretions by means of the techniques used in this work. The individual variability of male cephalic labial gland secretions of montanus is within that of ruderarius. On the other hand, according to Ågren et al. (1979) , intraspecific variability in cephalic labial gland secretions of males can be very large. It is clearly expressed by the very large cloud of points representing the specimens of B. ruderarius, especially when comparing the distance that separates this cloud from that of B. sylvarum (Fig. 2) . It is surprising that main intraspecific variability of B. ruderarius is mainly due to the very low relative concentration of 9-hexadecenol in some specimens. Since 9-hexadecenol is the major compound in the cephalic labial gland secretions of B. ruderarius and the most discriminant compound with his sister species B. sylvarum, his function as main pheromonal compounds is evident (Kindl et al., 1999) . This raises the questions: why is the relative concentration of this main pheromonal compound the most variable, and are the females able to recognise such males with low production of the major compound as conspecific? No visible trait, such as wear of the wings or of the coat, suggests that these specimens are very old or very young. Is it possible that the secretion of this major compound is used up before the less concentrated one? We 
